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OGT and O-GlcNAcase expression were assessed by western blot analysis
employing speciﬁc antibodies. Furthermore OGT expression was localized
in the cartilage by immunohistochemistry.
Results: In human OA cartilage, the level of O-GlcNAcylated proteins was
signiﬁcantly increased in comparison to that of healthy cartilage. We also
observed an increased expression of the different isoforms of OGT in OA
cartilage and OA chondrocytes when compared to healthy controls. The
level of O-GlcNAcylated proteins was also increased in OA rabbit cartilage
at all the weeks studied. We also observed an increased expression of the
different isoforms of OGT in the OA cartilage in comparison to control ani-
mals. The peak of expression of these proteins was observed 12 weeks after
surgery. Furthermore, in OA cartilage we observed a decreased expression
of O-GlcNAcase at all the times studied. By immunohistochemical studies,
OGT was mainly localized inside the chondrocytes in all the samples
analyzed, including both superﬁcial and deeper zone chondrocytes.
Conclusions: These results demonstrate that OA could be associated with
a dysregulation in the hexosamine biosynthesis pathway that could lead
to an accumulation of O-GlcNAcylated proteins. Our data support the
hypothesis that O-GlcNAc formation may play an important role in the
development of chronic and age-related diseases.
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INHIBITING CALCINEURIN ACTIVITY UNDER PHYSIOLOGICAL TONICITY:
A WIN-WIN SITUATION FOR CELL-BASED CHONDRAL LESION REPAIR
A.E. van der Windt, E. Haak, J.A. Verhaar, H. Weinans, H. Jahr
Erasmus MC, Univ. Med. Ctr., Rotterdam, Netherlands
Purpose: Osteoarthritis (OA) is characterized by an imbalance between
matrix synthesis and degradation: increased synthesis of catabolic enzymes
(e.g. MMPs and ADAMTSs) by hyaline chondrocytes causes collagen (i.e.
mainly collagen type II, COL2) and proteoglycan (i.e. aggrecan, AGC1)
depletion in the extracellular matrix (ECM). Both molecules are major
structural components of cartilage’s ECM: COL2 networks provide biome-
chanical strength, while sulfated proteoglycans ensure the characteristic
high ﬁxed negative charge density (FCD) of this tissue. The latter binds
mobile cations (e.g. Na+) and builds the tissue’s hydrostatic pressure by
attracting water, which is conﬁned by an intact collagen network limiting
tissue swelling. The FCD determines the physiological extracellular tonicity
of healthy hyaline articular chondrocytes in vivo to between 350 and 480
mOsm, while OA is associated with a severity-depending drop in tonicity
to between 280 and 350 mOsm.
We showed that calcineurin inhibitor FK506 modestly improves chondro-
genic marker expression in these cells. We recently further showed that
culturing osteoarthritic chondrocytes (OA-HACs) under elevated tonicity
(380 mOsm) is beneﬁcial too.
The aim of this study was to investigate whether a combined treatment
with elevated tonicity and FK506 exerts synergistic effects on anabolic
(COL2, AGC1, TIMPs) and catabolic (MMPs, ADAMTSs) marker expression
by human articular chondrocytes.
Methods: Human articular cartilage was explanted from macroscopically
normal areas of the femoral condyles and tibial plateau of 4 patients under-
going total knee replacement surgery for OA. Human articular chondrocytes
(HACs) were isolated under standard culture conditions (280 mOsm) and
elevated medium tonicity (380 mOm). Primary HACs were culture ex-
panded in monolayer (7,500 cells/cm2) at both isolation tonicities (280
or 380 mOsm). Passage 1 (P1) and P2 cells were seeded in high-density
monolayers (20,000 cells/cm2) and FK506 (0, 50 or 500 ng/ml) was added
for 24 hours prior to six days of in vitro culture, followed by mRNA (QPCR)
and protein (Western Blotting) analysis.
Results: Isolation and subsequent passaging (P1 and P2) of OA-HACs under
physiological tonicity (380 mOsm) signiﬁcantly increased mRNA levels of
important anabolic markers such as AGC1, SOX9 and COL2 compared to
standard culture. Under this condition, addition of FK506 dose-dependently
increased this expression even further: SOX9 was induced 6-times, COL2
increased to 50-fold in P1 chondrocytes, COL2 protein 14-fold and AGC1 up
to 2.6-times. In contrast, unwanted COL1 mRNA expression was suppressed
to 50% under these conditions. In addition, expression of anti-catabolic
genes such as TIMP-1 and -2 signiﬁcantly increased 4-times by 380 mOsm
and FK506.
Interestingly, physiological tonicity slightly increased mRNA levels of hy-
pertrophy markers COL10, alkaline phosphatase and MMP-13. However, in
combination with FK506 all these markers were suppressed to or below
control levels (280 mOsm).
Conclusions: Physiological tonicity provides a simple, yet effective, means
to improve marker expression during cytokine-free isolation and in vitro
expansion of human articular chondrocytes. Compared to FK506 alone,
elevated tonicity signiﬁcantly improved chondrogenic marker expression.
Combining FK506 and elevated tonicity signiﬁcantly improved chon-
drogenic marker expression even further, while suppressing the few
tonicity-induced catabolic and hypertrophic marker genes.
Our ﬁndings will lead to the development of improved cell-based re-
pair strategies for chondral lesions and may provide novel insights into
mechanisms underlying osteoarthritic progression.
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EXPRESSION OF P53R2 IN CHONDROCYTES IS REGULATED BY SHEAR
STRESS
K. Kawakita, T. Nishiyama, T. Fujishiro, S. Hayashi, N. Kanzaki, K. Takebe,
M. Kurosaka
Kobe Univ. Graduate School of Medicine, Kobe, Japan
Purpose: Chondrocyte apoptosis plays an important role in cartilage
degeneration in osteoarthritis (OA), and mechanical injury to cartilage
induce chondrocyte apoptosis. In response to DNA damage, p53 expression
is up-regulated and regulates the p53-regulated apoptosis-inducing pro-
tein 1 (p53AIP1). We previously showed that mechanical stress induced
chondrocyte apoptosis via p53 and p53AIP1 pathway.
While, p53R2 expression is regulated in response to DNA damage. How-
ever, p53R2 repairs damaged DNA, and it protects from catabolism of
chondrocytes. In this study, we evaluated the p53R2 expression of OA and
normal chondrocytes in response to shear stress.
Methods: OA cartilage samples were obtained from total knee replacement
surgery, and normal cartilage samples were from femoral neck fracture.
Chondrocytes were isolated from cartilage. Two, ﬁve and ten% shear stress
was introduced to chondrocytes for 12hours by using Flexer cell system.
Expression of p53R2 in chondrocytes was detected by western blotting.
Results: The expression of p53R2 in OA chondrocytes was increased by 2
and 5% shear stress but decreased by 10% shear stress in comparison with
control (non stress).
Conclusions: We previously demonstrated that phosphorylation of p53 was
elevated in OA chondrocytes in comparison with normal chondrocytes. In
vivo, p53R2 is produced by binding p53 and R2 when p53 is activated. We
demonstrated here that p53R2 expression was increased in OA chondro-
cytes when mild shear stress was introduced. However, p53R2 expression
was decreased when excessive shear stress was introduced. Therefore,
excessive shear stress may spend all the p53R2 in OA chondrocytes and
allow the induction of apoptosis. We are doing further investigation to
analyze p53R2 expression and function in chondrocytes.
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IL-6, A HIF-2α TARGET GENE, REGULATES OSTEOARTHRITIC CARTILAGE
DESTRUCTION BY MODULATINGMATRIX METALLOPROTEINASES (MMP)3
AND 13
J.-H. Ryu, Y. Shin, J.-S. Chun
Gwangju Inst. of Sci. and Technology (GIST), Gwangju, Korea, Republic of
Purpose: Recently we have identiﬁed that hypoxia-inducuble factor (HIF)-
2α is a novel transcription factor of catabolic genes involved in cartilage
destruction. In an attempt to understand further regulatory mechanisms
of HIF-2α in cartilage, direct target gene of HIF-2a was selected and its
function in cartilage was elucidated.
Methods: For ﬁnding novel target genes of Hif-2α, cDNA microarray assay
was performed. As a result of microarray, interleukin (IL)-6 is selected as
a novel target gene which is dramatically up-regulated cytokine by HIF-2α
in articular chondrocytes. To further elucidate the role of IL-6 in cartilage,
the expression of IL-6 in several arthritic cartilages from both human and
mice was determined by RT-PCR and immunohistochemistry. Recombinant
IL-6 protein was injected into knee joint for gain-of-function study, and
neutralizing anti-IL-6 antibody was used for loss-of-function study in vivo.
Results: HIF-2α directly regulates IL-6 expression by binding to its promoter
region. We determined that HIF-2α mediated IL-1β-induced IL-6 expression
and recombinant IL-6 treatment in articular chondrocytes caused MMP3
and MMP13 production, which induced cartilage destruction. Moreover,
we observed that IL-6 is up-regulated in arthritic cartilage from both
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human osteoarthritis (OA) patients and several OA mice models such as
STR/ort, collagenase-induced arthritis and destabilization of the medial
meniscus (DMM) mice models. Intra-articular injection of recombinant IL-6
into mouse knee joint causes severe cartilage destruction. In addition,
neutralization of soluble IL-6 with anti-IL-6 antibody inhibits IL-1β- or
HIF-2α-induced MMP3 and MMP13 expression both in vitro and in vivo,
ans also blocks cartilage destruction.
Conclusions: Based on these observations, we conclude that IL-6 is a novel
target gene of HIF-2α and caused cartilage destruction by regulating MMP3
and MMP13 expression in mouse articular cartilage. Our data also suggest
that blockade of IL-6 inhibits cartilage destruction in several OA mice
models.
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ROTENONE INHIBITS ATP AND OXIDANT PRODUCTION IN ARTICULAR
CARTILAGE
A. Martini, W. Ramalingam, M. Walter, J.A. Buckwalter, T.O. McKinley,
J.A. Martin
Univ. of Iowa, Iowa City, IA
Purpose: Acute chondrocyte death, which contributes to the progression of
post-traumatic osteoarthritis (PTOA), is in part due to sudden mechanical
insult-induced release of reactive oxygen species (ROS) from mitochon-
dria. Antioxidant treatment blocks these effects, but may have deleterious
effects on normal cartilage because ROS are involved in signaling and
metabolism. Though chondrocytes rely mainly on glycolysis to meet their
energy requirements, mitochondria might play an indirect role in ATP
production by regulating cellular redox balance. We hypothesized that in-
hibiting baseline oxidant production from mitochondrial electron transport
(MET) would signiﬁcantly hinder ATP synthesis. To test this, we measured
viability in addition to ATP and ROS production in bovine cartilage tissue
samples following treatment with rotenone, which acts to block complex I
(NADH oxidase) of the MET chain. Oligomycin, a complex V (ATP synthase)
inhibitor was used to evaluate the contribution of mitochondrial ATP
synthesis without inhibiting oxidant production. Effects on ATP production
and viability were compared with the effects of the glycolytic inhibitor
2-ﬂuoro-2-deoxy-D-glucose (2-F,G).
Methods: Tissue: Osteochondral explants were harvested from bovine me-
dial tibial plateaus and incubated in low glucose culture medium with 10%
serum.
Inhibitor Treatments: Samples were treated for 24 hours with either 2.5
μm rotenone, 4 μg/mL oligomycin, or 1 mM 2-ﬂuoro-2-deoxy-D-glucose
(2-F,G).
ATP Production: Immediately after a 24 hour treatment, 6-mm cartilage
plugs were harvested and placed into a cocktail of phosphatase inhibitors
(Sigma P5726). Samples were massed and placed into a boiling water bath
for 10 minutes to extract ATP. ATP levels in the supernatant were measured
using the Sigma FLAA ATP Bioluminescent assay kit and the 1450 MicroBeta
TriLux Microplate Scintillation and Luminescence Counter. (n≥3 explants)
Oxidant Production: Confocal microscopy was used to visualize the ﬂuores-
cent probes calcein AM and dihydroethidium (DHE). Samples were treated
for 4 hours with either 2.5 μm rotenone or 4 μg/mL oligomycin prior
to receiving a blunt impact (7 J/cm2) to the cartilage surface. Three sites
inside and outside the impact sites were imaged 1 hour after impact. (n≥3
explants)
Viability: Confocal microscopy was used to image the ﬂuorescent probes
calcein AM and ethidium homodimer-2 following 24 hour treatment the
metabolic inhibitors. (n≥3)
Statistical Analysis: A one-way ANOVA with a post hoc Holm-Sidek correc-
tion for multiple comparisons was used to compare treatment groups for
ATP content, viability, and DHE staining (p<0.05).
Results: 2-F,G and rotenone signiﬁcantly reduced ATP content (p<0.001),
whereas oligomycin showed no signiﬁcant effect (Figure 1). Rotenone
treatment, but not oligomycin treatment signiﬁcantly reduced ROS pro-
duction (p<0.001) (Figure 2). None of the inhibitors signiﬁcantly reduced
chondrocyte viability (Figure 3).
Conclusions: None of the drugs were overtly cytotoxic, indicating that
suppression of ATP synthesis was not due to loss of viability. The in-
hibition of chondrocyte mitochondrial ATP synthase by oligomycin had
little effect on ATP content, whereas the glycolysis inhibitor 2-F,G showed
dramatic inhibitory effects. This conﬁrmed that glycolysis is the primary
ATP source in cartilage. Unlike oligomycin, which failed to suppress ATP or
ROS production, rotenone inhibited both processes. These ﬁndings suggest
Figure 1
Figure 2
Figure 3
an ROS-mediated interaction between glycolysis and mitochondria. We
speculate that chondrocytes are under reductive stress in the low oxygen
environment of the joint, resulting in accumulation of the reduced form
of nicotinamide adenine dinucleotide (NADH). Under such conditions, ROS
released by mitochondria might support glycolysis by recycling NADH to
its oxidized form.
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CHONDROCYTES FROM HUMAN KNEE JOINTS WITH OSTEOCHONDRITIS
DISSECANS (OCD): PHENOTYPIC MODULATION DURING CELL CULTURE
ARE RELEVANT FOR CHONDROCYTE IMPLANTATION PROCEDURES
M. Aurich1, G.O. Hofmann1, J. Mollenhauer2, B. Rolauffs3
1Univ. Hosp. Jena, Jena, Germany; 2NMI Naturwissenschaftliches und
Medizinisches Inst., Reutlingen, Germany; 3BG Traumacenter Univ. Tuebingen,
Tuebingen, Germany
Purpose: To characterize the biological quality and potential of chondro-
cytes from the dissected fragment.
Methods: In total, 20 patients with cartilage lesions in the knee were
involved in this study. Dissected fragments from 10 patients with typical
OCD were harvested at arthroscopy. A biopsy of cartilage from the in-
tercondylar notch was taken from the same joint and from 10 patients
with a traumatic full thickness cartilage defect as part of the autologous
chondrocyte implantation (ACI) procedure. Chondrocytes were isolated by
enzymatic digestion and expanded by subsequent primary cell culture.
Before and after cultivation, mRNA levels of collagen types I, -II, and -X
